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Description 



The present invention consists In a new non-thera- 
peutic use of Lcarnitine, altenoyl L-carnitjnes and thefr 
pharrmcotoflically acceptable salts as preservative 5 
agents for blood tor transfusion*. 

The present invention also consists In new stabiliz- 
ing solutions for the storage of blood containing L-cami- 
tine, aikanoyf u-carnitines or their pharmacologically 
acceptable salts. 10 

What is meant by alkanoyf L-carnHines are acetyl, 
prapronyl. buiyryt rsobutyryJ. valeryl and fscvaleryf L- 
camitine. Hereinafter, tor reasons of simplicity, we shall 
refer only to L-carnhine, in the understanding, however, 

thatlhede^ptionalsoappliestothoabove-merittoned n 
alkanoyl L-carnitines and their pharmacologically 
acceptable salts. 

As is we! known, L-carnitine Is necessary far the 
translocation of fatty adds within the mftichondria where 
beta-oxidation takes place, & 

Various uses of L-carnitinB are known, but ad of 
these are of a therapeutic nature. Foe instance, L-carni- 
tfne is used in the cardiovascular field for the treatment 
of acute and chrortfc myocardial ischaemia, angina pec- 
toris, heart failure and cardiac amtyhmias. s $ 

In the nephrological field, L-carnitine Is adminis- 
tered to chronic uraemics undergoing regular haemodi- 
alytic traatmeni to combai myasthenia and the onset of 
muscular cramps. 

Other therapeutic uses have to do wth the normal- 30 
ization of the HDLLDUVLDL ratio and total parenteral 
nutrition. There is, however, no relationship between the 
Known therapeutic uses of L-camtine mentioned previ- 
ously and the use envisaged in the present invention. 

n is well Known thai the essential factors for good os 
Storage of blood in the liquid state are the temperature 
and the composition of the stabilizing solution. 

The temperature must be such as to allow a reduc- 
tion of the metabolic activity of the erythrocytes without 
damaging them. The optimal temperature is 4*C ± 2 a Q 40 

The stabilizing solutions must be able to make the 
Wood unclottable, to reduce the glycolytic activity of the 
red blood ceils and, at Big same time, permit such activ- 
ity by providing an adequate substrate. 

The efficacy of a stabilizing solution is assessed by as 
observing both the alterations arising in the erythro- 
cytes iiLVrtTQ and their survival in viyfl . after variable 
periods of storage at optimal terrpersture. 

The alterations to the erythrocytes in vitro can be 
checked by evaluating the amount of haemoglobin so 
released by the erythrocytes, their osomotic and 
mechanics] fragility, the changes in their shape and vol- 
ume and the chamfcal changes they undergo. 

The stabilizing solutions used to date do net allow 
good storage of blood for more than 14 to 21 days. w 

For instance, H the blood is collected in ACD (cftrrc 
acid-sodium citrate- dextrose), one of the most widely 
used stabilizing solutions in the past and transfused 



after 1 4 or 21 days of storage, the Ifw&e- survival rates 
of erythrocytes 24 h after transfusion are 90 and 80%, 
rcspectvely; it is also well known that red blood cells 
that remain in circulation 24 h after transfusion have a 
survival rate equal to (hat of fresh blood. 

During storage, erythrocytes undergo alterations 
with formation of spberocytee and burr cells. The eryth- 
rocytes swell and lose potassium and haemoglobin, 
which then increases in the plasma. At the same time 
th »!! e te */ eduCti0n ^ £3-DFG &3-diphosphoglycefw 
ale) and thus an increase in the affinity of haemoglobin 
tor oxygen, which Is released to tissues in similer 
amounts. 

The alterations of erythrocytes stored in ACD may 
be at feast partly corrected by adding phosphate to the 
stabilizing solution. Thus CPD (dtrate-phosphate-dex- 
trcse) solutions have come to be used tor the storage of 
blood and are now the ones most commonly employed. 
The addition of phosphate gives rise to the maintenance 
of a higher level of 2,3-DFG and thus a lower affinity of 
haemoglobin tor oxygen. However, the irwiyg survival 
of erythrocytes stored to CPD is little better, if not indeed 
identical to thai of erythrocytes stored in ACDl 

It has now bean found that the addition ol-L-carni- 
tine or of one of its pharmacologically acceptable salts 
to the usual stabilizing solutions for the storage of blood 
tor transfusions has the effect of dramatically improving 
fcudtOtt survival of erythrocytes and of reducing the for- 
mation of spherocytes and burr cells and the loss of 
haemoglobin to the plasma. As a result of these benefl- 
dai effects, tha period of good storage of blood for 
transfusion purposes is more than doubted compared to 
traditional solutions. 

Thus, the invention described herein consists in the 
use of L-carnrtirte and its pharmacologically acceptable 
sate for the production of stabilizing solutions for the 
storage of blood for transfusions. 

Viewed from a different angle, the invention also 
consists in stabilizing solutions for the storage of blood 
for transfusion characterized by the tact that they con- 
tain L-camrtine or one of its pharmacologically accepta- 
ble sate, 

What is meant by pharmacologicaBy acceptable 
salts of L-carnitine, apart from the L-carnitine internal 
saft is any L*camitlne safe with an acid which does not 
give rise to unwanted stta effects. These acids era well 
known to pharmacologists and to experts in pharmacy. 

Non-exclusive examples of such salts are chloride, 
bromide, crotate, aspartic acid, acid citrate, acid phoa- 
phata. fumarata and acid fumarate, maleate and acid 
maleate, acid oxalate, acid sulphate, glucose phos- 
phate, tartrate and acid tartrate, 

These solutions are characterized by the fact that 
they contain 0.5-1 0.0 mM/U and preferably 4-€ mM/L of 
L-carnitine or an equivalent amount of one of its phar- 
macologically acceptable salts. 

An example of a stabilizing solution according to 
the invention is composed of: 
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Glucose 


80-120 mM/L 


Mannitol 


40-60 mM/L 


K 2 HP0 4 


24-25 mM/L 


KH s P0 4 


l2-i$mM/L 


Potassium cftrata 


15-20 mM/L 


L-carnitine f Internal salt 


46 mM/L 



The efficacy of ^carnitine in the use envisaged in 
this invention is verified by numerous studies, on© of 
which is reported here below with reference to tha 
attached diagrams. where; 



so 



Fig, 1 is a graph representing the oeomotic fragil- 
ity of erythrocytes as a function of storage 
time (expressed in weeks); 

Pig. 2 tea graph representing the haemoglobin 
concentration (in mg/dL) in the storage 
metfum as a function of storage time 
(expressed in weeks); 

Pig. 3. Is a graph representing (he percentage of 
burr cells in the storage medium as a func- 
tion of storage time (expressed in weeks). 

Admitted to this study were volunteers who WW© 
habitual bTood donors and who were perfectly healthy at 
the time the blood samples ware taken. The blood sam- 
ples were collected in special quadruple bags normally 
used for biood storage (Baxter. PenwaJ Division, m 
Chatre, Prance) containing CPDA-1 (CPQA-1 composi- as 
tion: 110 mM glucose; 55 mM mannitol: 25.8 mM 
K 2 HP0 4 ; 147 mM KHgPO^ 1*9 mM potassium cit- 
rate), an Eso-osmolar fluid commonly used for the stor- 
age of Wood at S B 0. The blood was poured into the 
above-mentioned bags by means of a centrifuge which 40 
allowed the formed dements of the haematic mass to 
be separated from the erythrocytes. In addition to the 
above-mentioned CPDA-1 . soma of the bags contained 
L-carnjtine. which was always introduced under condi- 
tions of maximum sterility. The ratio of the volume of the 45 
storage fluid to the volume of the erythrocytes was close 
to 1:1. The bags ware then placed in refrigerators at a 
constant temperature of S°C. 

In the course of storage, aJJquola of erythrocytes 
were collected at weeMy intervals lor the purposes of ec 
conducting a number of microsocpic and biochemical 
examinations. The erythrocyte suspension was immedi- 
ately examined under a phase-Contrast microscope to 
estimate the percentage content of burr cafla, which are 
pathological erythrocytes wfth a star-type morphology, sa 
Later, the eryrthocyte suspension was centrifuged. and 
the buffy coat was used to determine the haemoglobin 
content aeconcSng to a method involving the darfvatraa- 



tlon of the latter to cyano-mathaemoglobin (Interna- 
ttonai Committee for Standardization in Haematology, 
S. Clin* Pathol. (1978), 31:139-146). The haemoglobin 
content measured Is an indicator of the degree of 
haemolysis the erythrocyte undergoes in the course of 
storage in the bags. Lastly, erythrocyte osmotic fragility 
was evaluated according to the method of Dacfe and 
Lewis (Dacie J,V. and Lewis S.M, Practical Haematol- 
ogy. New York: Churchgi Livingstone. 1984: 15*6). The 
osmetic fragility was calculated as the amount of 
sodium chloride necessary fln mM/L) to obtain 50% 
haemolysis. 

Claims 



1. 



2. 



55 3. 



4. 



Use of L-carnitine, alkanoyl L-cgmftina and their 
pharmacologically acceptable salts for tha produce 
tion of stabilizing solutions for the storage of blood 
samples and blood component samples for transfu- 
sions. 

The use of claim 1. where* tha Wood component 
sampJe is an erythrocyte sample, 

Tha use of claim 1, wherein the alkanoyl L-carnitine 
is selected from acetyl, propionyF butyryl isobutyryl, 
valeryl and isovalaryt L-camitine, 

A stabilizing solution for the storage of blood sam- 
ples and blood component samples for transfu- 
sions, characterised in that it comprises: 

(a) a conventional preservative-antfcoagutent 
solution; and 

(b) L-carnitfne or an alkanoyl L-camHrie 
selected from acetyl, propionyi, butyryl, isobu- 
tyryl vaferyl and isovaleryl L-carnitine, or a 
phannacoJogbally acceptable salt thereof. 

5. The stabilizing solution of daim 4, wherein the 
blood component sample is an erythrocyte sample. 

6. The stabilizing solution of claim 4, wherein the con- 
ventional preservative-amlcoagulant solution is 
selected from ACD> CPD and CPDA-1. 

7. The stabilizing solution of claims 4-6. characterized 
in that ft contains 0.5-10.0 mlvVU preferably 4-6 
mM/L, of L-carnitine or of an afkanoyf L-carnitine or 
one of its pharmacologically acceptable salts. 

a. The stabilizing solution of claim 7, characterized by 
tha following composition: 



Glucose 



80*120 mM/L 
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(continued) 



Mannta) 


40-60 mM/t 


K^HPOd 


24-28 rrtvVL 


KH 2 P0 4 


12-lSmM/L 


Potassium citrate 


15-20 mM/L 


L-carnHine, internal salt 





9. A transfusion bag which comprises; 

(a) a sample of blood or a sample of erythro- 
cytes; 

(b) a conventional preservatve^ntteoaaulam 
solution; and 

(c) 0.5-iao mM/u preferably 4-6 mM/U d L- 
carnitlne or an altenoyl L<amitine selected 
from acetyl, propionyl, butyryl, isobutyryi, 
valeryl and teovateryJ L-carnltlne. or a pharma- 
cologically acceptable salt thereof. 

1 0. The transfusion bag of cteim 9, wherein ihe conven- 
tional pfeservaiive-antfcoggulant solution 
selected from ACD, CPD and CPDA-1. 

PatentansprQche 



13 



2. 



5. 



1- Verwendung von L-CgmRin , Alkanoyl-L-Camitln 
und deren pharmatotogisch akzeptablen Sake fQr 
die HersteJIung von Stabilislerldsungen far die 
Lagerung von Blutproben und Bluttamponenteri- 
flruppen fOr Transfusionen. 

Verwendung nach Anspruch 1. worin die Bluttorrv 
porwtertprobe efno Erythrocytenprobe ist. 

Vterwendung nach Anspruch 1, worin das Alkanoyl- 
L-carnitin ausgewahlt ist aus Acetyl-, Propionyl-, 
Butyryl-, Isobutyryi-, VsJeryl- und Isovsleryf-L-carnK 
tin, 

Stabilserfosung ftfr die Ugerung von Blutproben 
und Kbnvjonentenproben for Transfus'orran, 
dadureh gekennzeichnet daB sie umfeRt: 

(a) eine konventionelle Konservierungsrnittel- 
Antrkoagulana-Lcsung; und 

(b) LOarnitin Oder dn Aikanoyl-L-crnitin ■ aus- 
gewahrt aus Acetyl-, Propionyl-, Butyryl-, Iso- 
butyryh VaJeryl- und Isovaleryi-L-crnitfn Oder 
einem pharmakQiogtech akzeptablen Salz 

dawi, 

Stabilisieriosung nach Anspruch 4, worin die Bfut- 
tarT^orierrteiprobe eine Erythrocytenprobe ist 



10 



6. 8tsJ#j&erlo$ung nach Anspruch 4, worin c»e ton- 
ventfonelle Kt^servlemngsminel-AmilTOgjJans- 
LOsung ausgewflhlt ist arts ACft CPD und CPDA-1 . 

7. StebOisjerKteurig nach den Ansprftahen 4 bis 8, 
dadureh gekennzeichnet, das sie 0,5 bis i 0,0 mlvVl,' 
beworzugt 4-6 mM/l L-Carnftln Oder Alkanoyl-L-car- 
nitin odar efnes seiner pharmakoJogisch aleapta- 
Wen 8alze ertthait. 

B, BtabiSsiarlOsung nach Anspruch 7, gokennzeichnst 
durch die fdgendo Zusarmienseteung; 
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SO 



SB 



Glucose 


80-120 mMd 


MannftoJ 


40-60 mm 


K a HP0 4 


24-28 mM/l 


Kr^P0 4 


12-16 mM/1 


KarJumcrtrat 


15*20 mM/l 


Inneres Salz von L-Camitin 


4-6 mM/l 



90 



35 



40 



4. 



4B 



d. TTansfuslonsbeutel, umfassend: 

(a) eine Blutprcbe oder eine Erythrocyten- 
probe; 

<b) eine konventionelle Kbnservierungsmittel- 
Antikoagulans-Losung; und 

(c) 0,5 - 10.0 mM/l, bevorzugt 4-6 mfcW. L-Car- 
nitin oder eines Aflanoyl-L-Carnftins. ausge- 
waJt aus Acetyls Propionyl ■, Butyryl-. 
fsobutyryJ-, VaJeryf- und Iscvaleryf-L-carnitin, 
Oder eines pharmaKologisch akzeptablen Sal' 
zee oavon. 

1a Transfusion^eutel nach Artepruoh 9, worin die 
konventionelle KbnservlerungsmJttehArrfto- 
aguians-LOsung auagewfihH ist aus ACD, CPD und 
CPDA-1. 

RevendicatJons 



1. 



SO 



SB 2. 



Utilisation de L-oarnitine, cTuneelcanoyl L-oarnftine 
et de leurs sete pharmacclcspo^emertt acceptables, 
pour la production de solutions stabUfeantes desti< 
naes k la conservation ctechantrllons de sang et 
rf^chanblJons de corriposant sanguin pour transfu- 
sion. 

Utilisation selon la revendicaticn 1, dans laquelie 
I'echanliBon de composant sanguin est un echan- 
tiflon ^erythrocytes. 



4 
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3. Utilisation salon la revindication 1, dans laquelle 
l*alcanoy« L-eamWne est chofeie parmi lea acetyl, 
propiortyl, butyryl, iaobutyryf. vaieryl at isovaleryl L- 
carnitines. 

4. Solution atabtJlsante pour la oonsarvation d'echajv 
talons de sang et d'echanfilJons de compo&ant sen- 
fluin pot* transfusion. caracteriaee en ce qu'elte 
comprand: 

(a) une solution conservatrico at arrticoacu- 
tente cfassique ; et 

(b) de la ^carnitine ou una alcartoyi L-carniti/ie 
choisie parmf les acetyl, propionyl, butyryl. Iso- 
butyryl, vaieryl el rscvaleryi L-carnHlnea, ou un » 
set Pharmacol ogiquement acceptable de eel- 
les-ci. 

B. Solution stabilisante salon la revendication 4, dan© 
laqueie rachantlllon de composant sanguin. est un so 
tehantfllon d'erythrocytes, 

6. Solution stabtlisante salon la revendlcation 4, dans 
laquele la solution conservatrice at anticoagulants 
dasstque est choisie parmi les solutions ACD, CPD s& 
et CPDA-1. 



8 

tines, ou d\in eel pharniacologiquernent 
acceptable de celles-ci, 

10. Sac de transfusion salon la revendicatten 9. dans 
(equal la solution conservatrfGe et anticoagulants 
cJaaskjue est choisie parmi les sofutions AOD. CPD 
et CPDA-1. 
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7- Solution stablllsante eelon le$ revendicatlons 4 a 6, 
caracterisae en ce qu'elle eontlent da 0,5 a 10,0 
mmoles/l. da preference de 4 a 6 mmdes/l da L> & 
carnitine ou d'une alcanoyl L-carnitina, ou de Tun 
de ses sab pnarmacofogiquement ecceptabJe& 

&. Solution stabOisanta aeton la reventfeatfon 7, 
caracterisee par la composition suivante : as 



Glucose 


80*120 mmoies/l 


Mannttol 


40-BO mmoles/l 


K 2 HP0 4 


24-2S mmoles/J 


KHgPO* 


13-16 mmoies/l 


Citrate de potassium 


15-20 mmoJes/1 


Sal interne de U-carnhine 


4-6 mmoJes/1 



9. Sac de transfusion comprenant : 



(a) un ecrrantlllon de sang ou un echantillon 
d'erythrocytes ; 

(b) una solution conservatrice et anHcoagu- 
lanta ciassique ; at 

(c) de 0,5 a 1 o.o mmoles/l, do preference da 4 ss 
a 6 mmoles/l, da L-camitine ou d'une a/canoyl 
L-carnitina choisie parmi les acetyl, propionyi, 
butyryl, iscbutyryl, vaJeryl et fsovaJeryl L-camj- 
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0 1 2 3 4 5 6 

Weeks of storage in bags 
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